AMENDMENT UNDER 37 C.F.R. § 1.1 14(c) 
U.S. Application No.: 10/694,006 



Attorney Docket No.: Q78201 



REMARKS 
Amendment summary 

Claims 1 and 3 are amended to recite that the coloring state is visible in well-lighted 
areas. Support for this amendment is found, e.g., in the examples of the present specification. 

Upon entry of this Amendment, claims 1 and 3-16 will be pending. 

No new matter is added by this Amendment, and Applicants respectfully submit that 
entry of this Amendment is proper. 

Response to claim rejections based on Gordon, Kamada and Tomonaga 

Claims 1, 3-7 and 15-16 are rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Gordon (U.S. Patent No. 2,460,221), Kamada (U.S. Patent No. 5,208,132) and 
Tomonaga (U.S. Publication No. 2002/01 14956). In addition, claim 8 is rejected under 35 
U.S.C. § 103(a) as allegedly being unpatentable over Gordon, Kamada and Tomonaga. 

Applicants respectfully submit that the presently claimed invention is not anticipated or 
rendered obvious by the combined teachings of Gordon, Kamada and Tomonaga because 
luminescence and photochromism are distinct phenomena. The position set forth in the Office 
Action does not appear to appreciate that the coloring state and decolorizing state of the 
presently claimed invention is photochromic , and thus is distinct from the luminescent states 
present in the Gordon reference. 

Gordon relates to an amusement device including a light-sensitive coating 13, which 
includes a light accumulating material, such as zinc sulphide. In accordance with the amusement 
device in Gordon, it is possible to provide all or part of a sheet with a luminescent property, i.e., 
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a glowing property (see column 1, lines 9-12 of Gordon). The glowing portions of the sheet then 
fade away or may be "erased" (see column 2, lines 8-9 and column 1, lines 20-21 of Gordon). 

In contrast, the present invention relates to a toy provided with a photochromic layer 
containing a diaryl ethene photochromic compound. According to the toy of the present 
invention, the diaryl ethene-containing photochromic layer maintains a coloring state by an 
irradiation of UV rays or sunlight containing UV rays, and changes into a decolorizing state by 
an irradiation of visible light. In other words, the color of the toy changes between the coloring 
state and decolorizing state. 

For ease of the Examiner's reference, Applicants submit herewith passages from (1) The 
Macmillan Encyclopedia of Physics; and (2) Principles and Applications of Photochemistry, 
which show that it is known in the art that photochromism is distinct from luminescence. On 
page 1 177 of The Macmillan Encyclopedia of Physics and pages 66-69 of Principles and 
Applications of Photochemistry, luminescence is discussed. Each reference describes 
luminescence as a quantum effect in which an atom that is excited by a photon decays into a 
lower energy state via an intermediate state. Conversely, photochromism, which is discussed on 
pages 219-220 of Principles and Applications of Photochemistry, is a photoinduced color change 
achieved through, for example, isomerization, dissociation, and charge-transfer or redox 
reactions. The distinctions between luminescence and photochromism are illustrated in those 
diagrams disclosing the mechanisms of luminescence and photochromism, found on pages 68 
and 220 of Principles and Applications of Photochemistry, respectively. These references 
clearly show that photochromism and luminescence are distinct phenomena. 

In view of the above, Applicants respectfully submit that Gordon, which discloses a 
material having luminescent properties, does not anticipate or render obvious the presently 
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recited photochromic compound. The presently claimed invention, which relates to a toy in 
which the color changes , is distinct from the sheet in Gordon, which luminesces , and as 
discussed above, the presently recited coloring and decolorizing states do not correspond to the 
"luminesced" and "un-luminesced" states in Gordon. Accordingly, Applicants respectfully 
submit that the presently claimed invention is not rendered obvious by Gordon, Kamada and 
Tomonaga. 

In addition, the color change between the coloring state and decolorizing state in the 
presently claimed invention is visible in a well-lighted area, which further distinguishes it over 
the invention disclosed in Gordon, in which the luminescent portion would be visible, and hence 
be used, in a dark area. 

Further distinguishing Gordon over the presently claimed invention is that in Gordon, the 
luminescent state, or glow state, is not maintained. Rather, "the glow or luminescent effect 
will. . .fade away" over time (column 2, lines 8-9). In the presently claimed invention, the 
coloring state or decolorizing state can be maintained. 

Finally, in the present invention, a color-changing means for cutting off UV rays or 
sunlight and effecting irradiation of visible light is used in order to decolor the photochromic 
layer. By using the color-changing means, a process in which the coloring state of the 
photochromic layer is gradually decolored into the decolorizing state is visible, and the 
decolorizing state is also visible in a well-lighted area after being decolored. 

In view of the differences between Gordon and the presently claimed invention, 
Applicants respectfully submit that Gordon does not render obvious the presently claimed 
invention. 
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Kamada and Tomonaga do not rectify the above-mentioned deficiencies within Gordon 
because, given the teachings of Gordon, there is no reason to combine the teachings of Kamada 
and Tomonaga with Gordon. 

Kamada and Tomonaga relate to photochromatic compounds, which are different from 
the photoluminescent compound disclosed in Gordon. Kamada discloses a photochromic 
material in which an organic photochromic compound dissolved or dispersed in a hindered 
amine-type compound is microencapsulated. Kamada does not disclose the presently recited 
diaryl ethene photochromic compound, nor does Kamada disclose changing and maintaining 
color by combining the diaryl ethene photochromic compound and the color-changing means of 
the present invention. Tomonaga discloses a diaryl ethene photochromic compound. 
Accordingly, Applicants respectfully submit that Kamada and Tomonaga disclose photochromic 
compounds, whereas Gordon relates to a luminescent material, and there is no reason to combine 
the teachings of these references in the manner set forth in the Office Action. 

Further, Applicants respectfully note that if the diaryl ethene photochromic compound in 
Tomonaga was solely used in the presently claimed invention, then only the coloring state would 
be visible. Tomonaga does not teach or suggest a toy in which both the coloring state and 
decolorizing state are visible in a well-lighted area, such as the presently claimed invention, 
which combines a layer with the diaryl ethane photochromic compound and the presently recited 
color-changing means capable of cutting UV rays of sunlight and effecting irradiation of visible 
light. 

Accordingly, Applicants respectfully submit that the presently claimed invention is not 
rendered obvious by the combined teachings of Gordon, Kamada and Tomonaga. Applicants 
respectfully request the reconsideration and withdrawal of these § 103 rejections. 

10 



AMENDMENT UNDER 37 C.F.R. §1.1 14(c) 
U.S. Application No.: 10/694,006 



Attorney Docket No. : Q7820 1 



Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON DC SUGHRUE/265550 

65565 

CUSTOMER NUMBER 

Date: November 19, 2007 




Registration No. 32,765 
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PHOSPHORESCENCE 



citation energy of the collective motion of the in- 
teracting atoms vibrating about U» c h' equilibrium 
positions. 

The phonons have definite energies, given by 
the. product of Planck's constant times dieir respec- 
tive frequencies. Since phonpns also correspond; 
respectively, to definite wavelengths, they also pos- 
sess definite wave numbers that define wave, vectors 
once the direction of wave propagation U specified. 
The phonons' wave vectors play die role of quasi- 
momentum vectors when multiplied by Planck's 
constant divided by 271. The definite phonon quasi' 
momenta and their corresponding energies that 
span a spectrum form the basis for a particle-like 
description of these phonon excitations that make, 
up the vibrational energy levels of the crystalline 
lattice. 

The parucle-lllte properties of the phonon exci- 
tations readily tend themselves to explanations of 
die thermodynamic properties of solids, and also 
the solid's capacities to conduct heat and electric- 
ity. The contribution to the heat capacity of a. crys- 
talline solid from the lattice vibrations can be 
viewed as arising from die thermal excitation of 
particle-like phonons of different energies. Since 
lattice imperfections will always be present in a crys- 
tal to some extent, the propagation of phonons may 
be interrupted and they can then be scattered ei- 
ther widi some loss of energy or alteration in direc- 
tion of propagation, or both. Such scattering of 
phonons as they travel from a hotter region of die 
crystal, where diey ore more numerous, to a cooler 
region, where fewer are excited, serves 10 limit the 
rate of transport of phonon energy and therefore 
the thermal conductivity of die lattice. In a crystal 
that contains conduction electrons, the phonons 
may scatter the electrons and limit die ability of an 
applied electric field to cause the conduction of 
electricity. 

Sec also; CONDENSED MaTTER PHYSICS; OsciLtATOK, 

Harmonic 
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PHOSPHORESCENCE 



Some materials luminesce — thai is, «mit light — 
when they are subjected to nn exciting source (pho- 
tons, electrons, etc.). If the material continues to 
luminesce after the exciting source is removed, it is 
exhibiting cither phosphorescence or fluorescence. 
If die time it rakes die "afterglow" to dim depends 
on, the temperature of the material, the material is 
phosphorescent. In general, die decay time de- 
creases with increasing temperature, If the afterglow 
decay time is independent of temperature, die ma- 
terial is fluorescent. 

Fluorescence and phosphorescence, are quantum 
effects, An atom that is excited by a photon into an 
elevated energy state may decay to the lower state via 
some intermediate state (see Fig. 1). The photons 
emitted in this decay will have an energy lower than 
diau Of die incident photon. 

Another significant difference between phospho- 
rescence and fluorescence is their respective decay 
times. An excited atom in a fluorescent material de- 
cays to its ground state in about 10* second, whereas 
an excited atom of a phosphorescent material may 
remain in an excited metastable state for several 
hours. 

A common mechanism of phosphorescence oc- 
curs when electrons or holes are setfree by the exci- 
tation and trapped by lattice defects. The elecu-ons 
or holes are dien released iirom these traps by ther- 
mal vibrations in the lattice and reeombinc with 
oppositely charged carriers and emit a photon. 
The intermediate state shown i» Fig. 1 represents 
the state of die system with the electron or hole 
crapped. 




Figure 1 
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Emission processes (1) 



4.3 Luminescence 

The emission of radiation from excited species is one of the several paths by 
which the excess energy may be lost (path vi. Fig. 1.1); the general phenom- 
enon ofhght emission, from electronically excited species is known as lumine- 
scence, in this chapter and the next we shall discuss luminescent processes. 
First, simple luminescent phenomena are considered, and then, m Chapter 5, 
sensitized Luminescence is described: the tetter process involves t'/itercnolecular 
energy transfer (path iv, Fig. LI) and electronic excitation is produced in a 
species other than' the one that was initially excited, fwtownolecular energy 
transfer, which populates a different state of the same species, is discussed in 
the present chapter. 

Luminescent emission provides some of the most reliable information 
about the nature of primary photochemical processes. Competition exists 
between emission and other fates of excited species (quenching, reaction, 
decomposition, etc.), and the dependence of emission intensity on tempera- 
ture, reactant concentrations, etc., may yield valuable data about the nature 
and efficiencies of the various processes. In particular, quenching by bi- 
molecular collisions, and unimolecular energy degradation by radiationless 
transitions, are almost always best studied in terms of their effect on the 
intensity of luminescence. As well as possessing this fundamental interest, 
luminescent phenomena are also of considerable importance in several 
commercial and scientific applications, and an example will be given in 
Section 8.11. 

The various individual luminescent phenomena arc named according to 
the mode of excitation of the energy-rich species. We are concerned primarily 
with excitation by absorption of radiation, and emission from species excited 
in this way is referred to as fluorescence or phosphorescence: the distinction 
between the two processes is discussed below. Emission following excitation 
by chemical reaction (of neutral or charged species) is known as chemilumi- 

nsscencG. and is described briefly in Scciion 4,7. pftcr <?f proYifljflS 

electronic excitation, which will not be discussed further, arc by heat (e.g. 
in N0 2 —~pyroluminescence) : , by an electric field (c.g. in solid ZnS— electro- 
luminescence), by electron impact in gases (e.g. in discharge lamps), by 
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Luminescence 

electron impact 00 solid phosphors (e.g. ii> television tubss-carhodo- 
t^scence) by crushing crystals (e.g. uranyl nitx^-cnholumme^cnce), 

, - ^ Althnueh we shall have occasion to refer to the luminescence 
SEEEE Tgid gl^ -shall omit general discussion of the 

S« reader i. referred to Chapter 5 of Luminescence m chemistry 

Hussion o^onmt^^ and 

riptet state of the species, and as we stanw » ^ ^ ^ lOTg 
considerable experimental ^^^^ '.forbidden- nature of a 
lifetime oftbeetmssion ts a ^^^Ltnic singh* that dearie 
mnsition from an excited tnptet «V is gto ,!« inadequacy otS to 

describe a system id which there is spin-or £ triplet-sinslet, in 
Extension of this idea to ^!^ a ^ZZr^^,rfdi^ 
wbioU is * 0 tods to the .^^Sxito (fuoteseeooe is then under- 
transition htlnxn auttw of dtfa-ent ™^™ B ^ lhs same multiplicity, 
wood to be a radiative transition be ween r 3.5, showing the 
Figore « is a lablonski 4n Ptf ffi are used 

processes of fluorescent* [hey mighl be ex- 

itaost universally \^J*«* ?S2^« emission processes 




Fig. 4.1 Jablonski diagram showing absorption, and the emission processes of 
fluorescence and phosphorescence. 



AS = 0 rule. Since the distinctions between allowed and forbidden- transitions 
are .not sharp, the definitions lack some precision. 

Absorption of radiau'on in a singJet-tripJet transition is weak, since it is 
forbidden in the same way as the triplet-singlet phosphorescent emission. It 
follows that phosphorescence can only be excited inefficiently by direct 
absorption of radiation, and phosphorescence is much more usually the 
result of emission from a triplet populated by intersystem crossing from an 
excited singlet formed on absorption. The sequence of events is illustrated in 

Fig. 4.1. Absorption populates SI; vibrational energy, at least in condensed 

phases, is rapidly degraded and S? can then lose its eaergy by radiation, 
intersystem crossing (ISC) to T y ls or internal conversion (IC) to $1. Jt is, 
perhaps, surprising that ISC to T a , which is spin-forbidden by a radiationlcss 
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transition selection rule* can compete effectively with spin-allowed 
fluorescence and TC to Sq; phosphorescence is, however, observed in many 
sys tems, suggesting that 1C from S t -~»S 0 is relatively inefficient. A complete 
understanding of the photochemistry of a molecule really requires that the 
efficiencies (i.e. quantum yields) be known Tor all the processes occurring. 
Even if chemical reaction, decomposition, and physical quenching of an 
excited species do not occur, it is still necessary to measure quantum 
yields for fluorescence (0 f ), phosphorescence (<£„), intersysicm crossing 
T, — ►So [<f>, sc ) and internal conversion Sj ~->S u (0 1C ). With the restrictions 
on the processes occurring, it follows that 

(although the relative magnitudes of the four quantum yields may be affected 
by the external environment). 



4.2 Kinetics and quantum efficiencies of emission processes 

Considerable information about the efficiencies of radiative and radiarionlcss 
processes can be obtained from a study or the kinetic dependence of emission 
intensity (or quantum yield) on concentrations of emitting and quenching 
species. In this section we shall consider first the application of stationary- 
state methods to fluorescence (or phosphorescence) quenching, and 
then discuss the lifetimes of luminescent emission under non^stationary 
conditions. 

Observable effects in the quenching of fluorescence arc usually the result of 
competition between radiation and bimolceular coilisionaJ deactivation of 
electronic enerey. since vibrational relaxation is normally so rapid, especially 
in condensed phases, that emission derives almost entirely from the ground 
vibrational level or the upper electronic state: this point is discussed further m 
the next section. The simplest excitation-dcactivation scheme, which docs 
not allow for intramolecular radiationless processes, is 

rate: 

X + fciW-X* absorption J,* (4.2) 

X * + M-^X + M quenching & H CX*][M3 (4.3) 
X*.-^X + hv em emission /4[X*] (4.4) 

Solution of the steady-state equations for [X*] (1.8. With d[X*]/dr=0) lCad5 

to the result that 

, -AVX+-\ (4-5) 
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Developer Coupler Magenta 
dye 



We note that since the silver image formation is a negative process (dark 
areas produced by exposure to light), it is also necessary to arrange for the 
'negative' or subtractive colours to appear on development The magenta 
image formed in reaction (8.52) is a response to exposure to green light; 
similarly, a cyan dye is produced by red light, and a yellow one by blue light. 
A second negative colour process, such as printing on paper, then yields a 
positive reproduction of the original subject with the correct colours. 

8.7 Fhotocuromism 

Silver halide photography involves the production of an essentially perma- 
nent optical effect by means of an irreversible photochemical process. The 
production of a reversible photoinduced colour change is referred to as 
photochromism. In photochrome systems, irradiation drastically alters the 
absorption spectrum; but when the irradiation source is removed, the system 
reverts to its original state. In some cases the reversal can be brought about 
by light of a different wavelength. The visible effect often involves the 
appearance of colour in a previously colourless material, although changes in 
colour — for example from red to green—- are also known. 

Numerous applications of photochromic substances have been suggested, 
and some of these have entered commercial practice, Photochromic sunglasses 
and spectacles are familiar, and plastics incorporating a photochromic 
dye have also been used for aircraft windows that darken in bright 
sunlight but become lighter again under less intense illumination. Various 
kinds of data storage are possible, including image storage for uses like those 
of photography. Very high resolution is possible, and the immediate appear- 
ance of the image on exposure, without further treatment, is a potentially 
great advantage over other processes. A rather more frivolous application is 
in lift manufacture Qrtoy falls that gan be 'suntanned': a photochromic dye is 
used that produces a brown coloration on exposure to sunlight. 

The major difficulty in the use of materials incorporating photochromic 
materials is the rapid 'fatigue' exhibited by most known photochromic 
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substances. Marty of the photochxomic systems reported are really able to 
undergo reversal only a limited number of times. Photochrornism based on 
isomerization (see below) oflers tbe best prospect of good fatigue character- 
istics, since, with alternative systems thai involve bond cleavage, a very small 
lack of reversibility soon leads to chemical decomposition in side-reactions. 

The main mechanisms responsible for pholochromic behaviour arc 
isomerization, dissociation, and charge-transfer or redox reactions. Many 
hundreds of specific photochrome substances are known, and a few 
examples must suffice to illustrate how photochromism arises. 

Many aromatic nitro-compounds exhibit photochxomic isomerization: the 
process is believed to involve photoisomdrizatioa from the colourless nitro- 
form to the coloured aci-form: 



/ 



nitre-form 
ft CH„ C„H. 




153) 



aci-form 

etc; R,==electron^iihclrawjnfi group 



(The aci-form must also undergo some dis>sociation. since it is a strong acid,) 
Irradiation of chromium hexacarbonyl in a plastic matrix (ca, 0.1% 
Cr(CO) 6 ) leads to the formation of a deep yellow colour as a result or 
phoiodissociation of the hexacarbonyl. In the plastic, CO cannot escape, and 
recombination occurs in about 4 h at room temperature: 

Cr(CO) 0 ^ Cr(CO) 5 + CO (8.54) 

(lack 

Both organic and inorganic charge-transfer or redox photochrome sys- 
tems are known. A typical reversible photochemical redox reaction occurs in 
a mixture of mercurous iodide and silver iodide: 

liBlil 

Hg,I 2 + 2AgI 2HgI 2 + 2Ag (8.55) 
green yellow red black 
Heterolytic bond dissociation is responsible for photochromism exhibited 
by a large number of spiropyran derivatives 
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